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Abstract — High energy proton irradiations were performed on graphene devices to increase the number of defects
intentionally. Proton energy and fluence were 6 MeV and 5x10'3 cm™, respectively. The defects in few layer graphene
layer created by proton irradiations captured oxygen molecules that acted as p-type dopants. After the vacuum anneal-
ing, hole mobility was enhanced by the recovery of the defects and the desorption of the oxygen molecules. However,
the drain current decreased after vacuum annealing due to the removal of the dopant molecules.
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21213 (graphene) sp2 Al 2Jgt 22kl G2 o] FoiA] §lo]
- gk ZFEPAX E (Young’s modulus: ~1,000 GPa)[1] th HHE
A EAEo] Hls) Holdh AHAEE(~3,080 WimK)[2]2k Alg]o] o]
FE(~27,000 cm¥V-sH)[3]5 7K 2L Qo] Ykl ZEME
(flexible) 22}, WAl 1] 31 BjFA] Fofell o|2717k4] vl
TR A7) o] ol A 3L Gl E-olth4-6].

olg) st S Aldshs WL 31k 0 2 Aksl-ghdRk-go
3 Ries= B, SiCE @A eistel el 'AEEAIERE B
| Metal-Organic Chemical Vapor Depostion(MOCVD)E 0]
A7 237421 715= W, Highly Ordered Pyrolytic Graphite(HOPG)E
Fllof] FAAA FRsH= W, 181 71AH 02 gAY HEA|

+ " (mechanical exfoliation) 5] SIEH7-10]. ol tha ]
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o A714, Ee]4 B2 oF27EA] mechanical exfoliation FEH©]
7 & Ao dEA lnk oA ARt 2 e Ay
Agkso] EAEHA == A sp2 el 4t 9 Yxfse] 4
sHalof] e} 7] A7) Aew W W74 EAdo] AR EV| % st
oh A ATrellMe= A2ke] 71A17F 2 e gk e i &
2t oA g} 22t o s = E YEhie AFE w3 e slo] HAt
ae] B4 ARe 248 5 e 7ol JiE T Qv 1.
wpeba] o) o} - WS o8-8t 71 Al el tisk AhEe] Wol X
3w 31 glont opH7kx] Agket wlAUSE LEiAA] & Sl

£ AollA = mechanical exfoliation W= o]-8-5to] 129 4
A AlEReE 3 qeUA] RS o] 838l A oE HAdEE A
det = 3718k W3l 1Ee] H)E B4 diEl] Got
X372} g},

WAt AP FatellA REEA] AxbEo] Ao
EEHNE wo] UpAb A disl] ATelele SRR TR
ARERITE, 9 E el el A| ] oA, 94t A, el &
TAARE0] ST 0 24 EARITE. o] T AT (100~6,000
km) 7ol 9 MeVe] FdAbze] F2 skl IF9 U ¢
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TLEAEN FESo] S-S T shE WHEA] 23=0 ionization
damage ¥ dislocation damages 7 o] F552] o4F 4
"gASHE oP7IstAl "rH12]. 1 et A, 714 54
S Q3| ke r FFTtelN AMEE TFs/do] uig- & 2ol
& 7 k. AE7HA ] odAF gl AxRES AR el o)
F ATES ot TR e B439) At K B8k 54 Astel of
F Z0190H13-15]. Rl BkE A, o, ela Ak &=
A} % Raman spectra = D band?] intensity”} EeFIth= 23} ¥
O] A7 defRith= A S0 7 dAke] BAL 9FR 3 A50)
St 2 ATe] HAL RS ARSI Ql9jH o R Ak Tt
A713, AxdxE el Ao mms olgste] T 54E& =
Az} sh= Ao Qlek, Tz w9 ok uke] 2x el 25 7}
A3 Q7] wizell el A] el o)t whake] EAJsHE A7-sl=t
-9~ ZAgsirt, ANk 0 2 Aelyx] odxrt W& 1 49 7w
o] FEE P a BiE JEE T Aol visl aelluA] k=

BES] TS BT T S Q) vkl S 5 7|l Ao
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FLG 2~AR= HOPG(ZYA grade)S HZE|o] L5 o] g3 AW
% ulg] M= 98 (pre-patterned)® 300 nm A 2] ZAlo] =
(SiO,)7F A37= o] Sli= Al 7]#el] thA] 0]l aceton F-o]
BHF &3F Bt o] =2 AASITE. 1 - e-beam lithography ™
e ol gsle] 57 1eids Adsint. A=) ddEE
o] 2452 Pd/Au(20 nm/50 nm)S- e-beam evaporators- ©]-8-5101 &
ATt A 712k vie 3 AlO|E (back gate) B3-S $l5H
Ti/Au(20 nm/80 nm)S ¢JA] e-beam evaporators ©]-831] Hlal
o5 F&3el HEAIA bottom-gate E WA AE] Q] FEfE 2518
ok B Aas 2Rl A% A 4713 549 wlel tiste]
ol = Zlo 7, AFhE T AAELS 1 F(4.5x1077 Torr)
oA 7AIZE BASE F 6 MeV WA 510" em? FALSIILE.
AR} AR Sl QA 2]8H (The Korea Institute of Radiological
and Medical Sciences)®] MC-50 Cyclotrons- ©]- 83T} WA} =
AF T Aol A W] = WAL RO EolEul7kA 391t 7|0 T
& T Z3 3 4.5x1077 TormellA] 7A41E E<t Bateigict. 47
H A 3EA I As fl8le] 72 HEE o83k Uvel
=E3AIFATE Bk RE A 250 °)CR 67 Bt AARE W8
SISt 54 W3lE il S8l 2ol Bt A3 5, =}
AT T UV eF A S, 73 3 2 AdEjellA 9] dAE] Sl A&
2] %52 probe-station®l] 1% Semiconductor parameter analyzer
(Agilent 4155C)% ©]-&-3l0] Z7g3lc).

Fig. 1 5 Ajololq B2t A9k} AR7F A 24} 3,
79 Al B F o]a) Wsleh=AE 1ol gtk o]
w3t el 5 ek el e AR Aste] Z71e] ek 49
o Wstehs A& ), A5 12 Ajole] 9] ohmic) A5
Gago] 2 1 2L o 4 Ik TB Aol AT W F okl
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Fig. 1. Current-voltage characteristics before and after proton irra-
diations and vacuum treatments (Inset: Image of the fabricated
Few-layer Graphene (FLG) device).

Table 1. Changes in resistance before/after vacuum treatments and proton
irradiations

Virgin Vacuum Proton Re-vacuum
Resistance () 654 671 1073 1104

A7 AAPSS BRI 4= Qirt. o] el oA 2 AT
A50] A3 deol ] EaE o] THE (dopant) 0] E1E7] wl
o7 INe 4 uk Athe 1dE A v pd SHER
A Attt wEha] 7)oM) Ao JlH Akrso]
¥ (holeys Fwdh= EHERA 288ttt X3 deelr] Eats]
o] AFe] Fgo] HoHBE AF7} ashs A¥E 7oA ¥
2 IS ALt Fells AR7E A sk | A
= GR1g = Stk ZF FHgelxe] AERsE Table 100 YR
Fard ol vl Bt 50 AL 2.6% S7HE 2le A1
ATk, Bt IRF 2L F- A3 64.2% SV 18IS ALellUx] (MeV)
WA= AollUA] (ke V) Wbl H3l BFte] Ao oz 2L ¢
TARE P2} ZAbFo] Fofel wet At ks = A
& = gloh. B ] A Rk opet 5 A
2 A 7] ARE(Si0)TolE dEe T HER o
At 24} $8] AFa= 1hAsA| ik

Fig. 1°lM= F3u3 159 AFAsT 2o ERlsh] o7
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Fig. 2. V-1 after each treatment and proton irradiation.
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PR 24 A F A= Aol E Ake] wste] mef E1)
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25 WA A AT FE A
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Table 2. Changes in hole mobility after each treatment

Each treatment Hole mobility (cm?/Vs)
. o Before vacuum treatment 359
Pre-irradiation
After vacuum treatment 338
After Proton irradiation 38
. L. After vacuum treatment 39
After irradiation
After UV exposure 37
After Vacuum annealing 65
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